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November 11,2003 . 



Art Unit 3643 



For 



METHODS OF UTILIZING 
WASTE WATER PRODUCED 
BY WATER PURIFICATION 
PROCESSING 



BRIEF FOR APPLICANT 

This an appeal under 37 CFR §§41 .30 et seq. from the Final Rejection of all claims then 
in the application, Claim 4-6. This Brief is submitted in compliance with 37 CFR §41.37. 

THE REAL PARTY IN INTEREST 

The real party in mterest is the appellant, Applicant-Inventor, Gerald J. Grott 

RELATED APPEALS AND INTERFERENCES 

There are no other prior or pending appeals or interferences known to appellant or his 
undersigned attorney which may be related to, directly affect or be directly affected, by or have a 
bearing on the Board's decision in the present appeal. 



STATUS OF THE CLAIMS 

Originally filed Claims 1-3 and 7-14 have been cancelled. 

Claims 4-6, all of the claims in the case were finally rejected by the Primary Examiner. 

STATUS OF AMENDMENTS 

There have been no amendments presented which have not been entered in the case. 

SUMMARY OF THE CLAIMED SUBJECT MATTER 

CLAIM 4 

Specification (See Page 16, line 12 - Page 19, line 8; Example 2, Figs 1-5) 

Contaminated water (e.g., agricultural runoff) containing salts of sodium, calcium and 
magnesium, especially their chlorides, sulfates and carbonates, are processed to produce a first 
effluent "clean" water stream and a second effluent "waste" water stream. 

The first or "clean" water stream has a higher sodium content than the contaminated 
water, i.e., increased sodium in comparison to the original contaminated water. The second or 
"waste" water stream has more than 0. 1 5% of the salts. 

The "clean" water stream is analyzed to determine if its sodium content is higher than that 
necessary for potable use. If so, it is used in a cooling tower to dissipate heat. 
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Claims 5-6 



In one preferred embodiment of the method, the contaminated water is first processed by 
"water softening/' e.g., removal of scale forming materials such as calcium or magnesium salts, 
especially their carbonates, (Claim 5) In other preferred embodiments, the contaminated water 
is first processed by ion-exchange, precipitation, membrane softening or electrolysis. (Claim 6) 

THE GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 4-6, all of the claims in the case, were finally rejected under 35 U.S.C. § 103(a) as 
xmpatentable over McManus, in view of Thorburg in fiirther view of Mukhopadhay. 

ARGUMENT 

GROUPING OF THE CLAIMS 

Applicant will argue the patentability of independent Claim 4. The dependent Claims 5 
and 6 will stand according to the Board's decision on Claim 4. 



L The Examiner erred in combining the references. 

Where the Examiner relies upon a combination of prior art references, he bears the 
burden of showing some teaching or suggestion in these references that supports their use in 
combination. Ashland Oil, Inc. v. Delta Resins & Refractories, Inc., 776 F.2d 281, 293, 297; 
227 USPQ 657 (Fed.Cir. 1985). The Examiner has not identified the particular teachings of the 
McManus or Thorburg references which "would have" (§103) motivated the person of ordinary 
skill to combine the teachings of these references to make the combination of steps claimed by 
Applicant. 

Instead of pointing to any such teaching or suggestion, the Examiner airily dismisses 
Applicant's argument by stating that the "references used in the rejections to be combinable 
because they all deal with water use and purification." (Final Rejection, page 4.) This falls far 
short of the standard for making a prima facie case of obviousness. In re Dembiczak, 175 F.3d 
994, 1000, 50 USPQ2d 1614 (Fed.Cir. 1999)(broad conclusory statements are not 
evidence)(mbdified on other grounds 203. F.3d at 1 3 1 6). 

IL The references teach away from the claimed method. 

McManus, the primary reference, teaches the use of agricultural wastewater produced 
from crop irrigation in a cooling tower. A pilot-scale plant (fig. 4, p. 1 55) was constructed 
consisting of an electric heater to produce simulated hot water continuously fed in one pass 



through the shell side of a tube/shell heat exchanger. The wastewater from a cooling tower 
made four passes through the heat exchanger, then was recycled to the top of a cooling tower. A 
side-stream of the wastewater (taken before the cooling tower) was mixed with makeup 
wastewater. This makeup-recycle mixture was continuously treated with lime, soda ash and a 
polymer coagulant in a treatment vessel and then sent to a thickener vessel. The underflow 
sludge from the thickener was discarded to an evaporation pond. The supernatant water 
recovered from the thickener was recycled to the treatment vessel and the treated supematant^ 
makeup mixture was then sent to the cooling tower sump. The coolant stream from the cooling 
tower was acidified with sulfuric acid. 

The selected treatment process to control the circulating water chemistry was 
lime/soda softening. Chemical constituents to be controlled through treatment were 

calcium , ma gnesium and silica . (McManus, p. 441) (emphasis added) . 

* * * 

The operation of this pilot plant proved effective at high cycles of 
concentration which achieved the overall objectives of reducing makeup 
requirements and waste volumes for ultimate disposal. For the particular makeup 
source evaluated, conventional lime/soda softening with polymer coagulation proved 

to be effective even at 30 cycles of concentration. 

*. * * 

These results are significant because they demonstrate that it is feasible to operate 
recirculated cooling system at high cycles of concentration and with agricultural 
waste water makeup without sophisticated treatment such as ion exchang e or 

reverse osmosis, (emphasis added) ' 

* * * 

Scale components of concern include calcium carbonate, magnesium silicate and 
calcium sulfate complexes. (McManus, p. 445) 

Thus, it is seen that McManus is not at all concerned with the sodium content of either the 
original raw wastewater or the sodium content of his recirculating stream to the cooling tower. A 
person of ordinary skill in the art would find no hint or suggestion of a process such as defined 



by Applicant's Claim 4, based on sodium content of either the wastewater or the cooling tower 
water and would be directed away from use of " ion exchang e." 



Thorburg disclosed a continuous process in which raw water ("salt-containing impure 
water") (CoL 1, line 12) is passed upwardly through a downwardly moving bed of a weak anion 
exchange resin in the form R-HCO3, forming the respective carbonates of the raw water 
components (e.g., sodium carbonate). This "first effluent" is then treated countercurrently with a 
weak acid cation exchange resin in the form R'H. 

The released hydrogen reacts with the bicarbonate present thereby leaving pure 
water and carbon dioxide...The resin leaves the bottom of the dealkalization unit in 
the metal form R'-Me (containing calcium, magnesium sodium, etc.). (Column 2, 
lines 32-36)(emphasis added). ' 

Thus, the first effluent of Thorberg contains all of the sodium in the raw water (as sodium 
carbonate) and the second effluent is "pure water" (containing no sodium) with all of the sodium 
content exiting the treatment column as R'Na. This is expressly contrary to Applicant's claimed 
method where the "clean water" contains "increased sodium so as to have more sodium than the 
contaminated water" (Claim 4) and nowhere does Thorberg have "a salt content too high for 
potable use" (Claim 4) - again teaching squarely away from Claim 4 and squarely away from the 
combination of Thorberg (ion exchange) with McManus which "would have" (§ 1 03) led the 
worker of ordinary skill to use conventional water softening of a sidestream-makeup water 
stream , rather than ion exchange of the entire impure water input. 



CONCLUSION 



There is nothing in either reference which would suggest the combination proposed by 
the Examiner. Each of the applied references teaches away from the proposed combination. 



The Board is respectfully requested to reverse the Final Rejection of Claims 4-6 and 
remand the application to the Examiner for further processing and a Notice of Allowance. 



A Petition for Extension of Time to file the Appeal Brief is filed concurrently herewith, 
along a check in payment of the extension fee of $60.00 and the Appeal Brief fee for a small 
entity of $250.00. 



Respectfully submitted, 




Registration No. 20,590 
Attorney for Applicant 

Kindly note the new mailing address, etc., for Applicant's attorney: 

William H. Drummond 
Attorney at Law 

Registered Patent Attorney The PTO did not receive the followUig ^ 

P.p. Box 6779 listed ltem(sr^^ . <fr^^ ^ 4 2.^(9 

La Quinta, CA 92248 
Phone 760-777-0618 
. Fax 866-351-5717 

billdrummond@verizon.com 



CLAIMS APPENDIX 
Claim 4: A method of using an aqueous effluent comprising the steps of: 

collecting water contaminated by the salts of Na, Ca, Mg, CI, SO4 or CO3; 

processing the contaminated water to produce a first effluent of clean water and a 
second effluent of waste water, 

. the clean water having increased sodium so as to have more sodium than 
the contaminated water and having a salt content too high for potable use, 

and 

a second effluent of waste water having 1 .5% or more by weight of the 
salts of Na, Ca, Mg, Ci, SO4 or CO3 or combinations thereof and a greater 
sah content than the clean water; 

analyzing the clean water to determine if its sodium content is too high for potable 
use, 

and 

using the clean water within a cooling tower to dissipate heat if it has been 
determined that the clean water's sodium content is too high for potable use. 



Claim 5: The method of using an aqueous effluent of Claim 4 wherein the step of 
processing the contaminated water includes the step of water softening. 

Claim 6: The method of using an aqueous effluent of Claim 5 wherein the step of 
processing the contaminated water is by ion-exchange, precipitation, membrane softening or 
electrolysis. 



EVIDENCE APPENDIX 



No evidence except the references discussed above was entered by either Applicant or the 
Examiner. These references were entered by the Examiner at page 2 of the Office Action mailed 
10/29/2006. Copies of these references are appended hereto at pages 12 and 13 of this Brief 
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RELATED PROCEEDINGS APPENDIX 

None. 
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The McManus Reference 
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AGRlCUtTORAL WASn-Anj PlMT CO01IH6 

Terrencc J. M^^'^^V*.!!;^' 
. . . . .TechMc».V Coasuiwnt _ . .. 

Beti •C«»ver»e«Hor*)ch' inc . 

sovrc€S «iHl 'PPlJ^mes tSirough the ground "ltJ'*VA^^suU$ of a 

PILOT PUMT DESIGN required for 

cent. of • -I""" t9S*>.ri*»,?«?Kbe» •"<l 

1n9 f '••te of 5W 9»lJon^ ^^^^^^^ ^'^'Li'l^if for the fo«r 
of ten 9J«- ^ f*??"^* nesiw tewperature wge^for inc^^^ ^ 



^. gp«* J'jT -i--*^t Design ^W«raturo ron^c 
p>$5 c<re«Ut\«9 w'**:^ J^erature range of "0 "^,th a closed 

flo- was controlled by a leve ^.^cuUtln, water chem- . 

,T.e selected tre.t»ent^roce» "^T^JT c^tf - \e ,cont^^^^^^^ 

zero treatment plant ^^^^^e*. 72^^ a rcc<rcu4 

'p«LlHINA«V I,«EST,GATI«. 
The first »*.a« Of the program -as to evaluate three tre 



I. 

2. 
3. 

Hcllanus 
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These treatment nodes where operated under the cawon conditions of • 
15 cycles of concentration (based on chlorides) with a circulatino ' 
water total hardness of 700 ing/l as CacOi. The performance cri! 
teria of concern were; 

1. Heat transfer efficiency 

2. Chemical costs 

3. 0peratin9 flexibility 

each treatment mode was operated for a period of 6*8 weeks. At the 
end of each test period, the condenser tubes were physically Inspect- 
ed for scale buildup, 

Sidestream Treatment 

Figure 2 presents the process flow schematic for sidestream treat- 
ment at 15 cycles of concentration. Makeup water Is discharged di- 
rectly Into the cooling tower basin. Water for sidestream treatment 
and blowdown Is drawn from the hot side of the condenser! The warm- 
er temperatures enhance calcium carbonate precipitation. The com- 
bined sidestrean and thickener supernatant flows are treated with 
lime and soda ash for softening. Ferric chloride and pol^r were 
added to enhance suspended solids removal. Sodium hypochlorite and 
sulfuric acid are fed Into the circulating water to control blofoul- * 
Ing and to adjust pH, respectively. Makeup, sIdestreM effluent and 
circulating water characterisations are presented In Table I. This 
treatment scheme «1n1m1zes equipment requirements. 

Separate Makeup and Sidestream Treatment 

The process flow schematic for separate makeup and sidestream treat- 
ment is Illustrated In Figure 3^ Treatment of makeup and thiclcencr 
supernatant consists of lime softening with ferric chloride and 
pol>mcr coagulation. Sidestream treatment consists of lime/soda 
softening with ferric chloride and pol>fner coagulation. Table Z 
presents the characterization of the makeup, the two treated efflu- 
ents and the circulating water. This scheme maximizes control of 
circulating water chemistry. 

Confined Makeup and Sidestream Treatment 

Figure 4 presents the flow schematic for combined makeup and side- 
stream treatment. Makeup* sidestream and thickener supernatant 
flows are mixed and treated via lime/soda softening with ferric 
chloride and poljmer coagulation. As with the other two systems, 
sodium hypochlorlde Is added for blofoul Ing control while sulfuric 
acid Is added to the circulating water for pH control. Characteri- 
zation of the vakeup, treated effluent .and circulating water are 
presented In Table 3. This system incorporates the advantages of i 
the other two; one treatment system and satisfactory control of cir- \ 
culating water chemistry. ) 

Performance Evaluation 

One of the prime criterion for performance evaluation of the cooling 
system Is heat transfer efficiency. Reduction in heat transfer effi- 
ciency is caused primarily by the scaling of the condenser tubes. 
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This criterion *ws evaluated via continuous i«onUorln9 of heat 
.tra^sfS:.u$.1nV-.the- Oo- .rates, and JnVet. .an^ jjqtlist. teroerrturM . 
th^ t^ Vidte and shell side recirculating waters. After each 
woe »iwB onjF > ^ jhe condenser was 

Kcll?yT^pectS. ^eS^ t?ansfS »o!?U,^1ng Indicated vIrtu.Uy 
SS^<l^radat1wr^ ^hPsleal Inspection conflnaed that no Sl9n1f1cant 
scale deposition was present. 

circulating water chemistry was comparable for all three featoent 
scSSe" liJestream treatment exhibited the highest c«lc1« to -«9- 
^s1u» ratio while combined treatwnt «'h'*>*ted the lowest. Silica 
control was excellent for all three systems, with separate treatment 
.tttt effective. Table 4 presents the che«1eal usage and 
?Mt Ser^stnd^llw of -rteup f or the three treatment sjdw«*s. 
?Sis cTaloj^lcT^dSoiistrates that sldestream treatment followed by 
ISlJin^ tJeatmentlS more cost-effective than separate treatment. 

mlild. Thus. tJiere 1$ « reduction in sulfuric add usage. 

From a process operating standpoint, separate and combined treaiUjent 
cranes were superior to sidestream treabaent because the chemical 
cS5?1ty ^f^e^keup cVn be altered to facilitate the desired Chem- 
wtii Vtte circulating water system.. With no makeup treatment. 
JJI LoiJna ti^ ehemi" tr/l^^ difficttlt to control due to the 

pSleS^^ ll«mtltnT\T^he' VelUy 0^ ->f"ribVm; th^tS! 
treatment does offer slightly more operating flexibility than eom- 
W^STtreatoSwitr Howev^, the additional capital '"vestment and 
™t1ng SSenie for the' wltlple eouipment system outweigh the 
benefits of flexibility. 

R><«< an the results of the preliminary investigation, combined 
MklSp/Tnd^de^t^w treatment was the selected P«^cess for opti. 
Simion. The next section discusses the five-month optimiiation 
program. 

SYSTEM OPT imZATIOH 

The objective of the second phase of the Pf"»9^« «''„*o'''ti^ ^ 

cooling system under more severe operating conditions «»s'"9 the se- 
i2t^ treatment system from Phase I. Two modes of operation were 
iwlMt^f FSI thf first -ode. the circulating ""er was operated 

T^bfto%'!»c^ve5T;;r^^^^ 
iLnad\VNi?v^.su?n%^^ 

SSSasIn^ "n thi s1destr€«n flo*. rate f;o« ^^'^f^'^!:}^^}!^^ ^J^.t} ^ 
four «m. and (3) decreasing the volume of water «>1schar9ed with the 
sludge in order to Increase the cycles of concentration to 30. 
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The nm «odej»m De Identffted n IS c>c1e$ with high catcfun 
wh le the second mode win be Identified m 30 cycles with high 

calcium* ' - " 

Fifteen Cycles with High Calctua 

To achieve higher calcium concentrations In the clrculatino water, 
the volume of sidestrean flow to he treated was reduced. Table 5 
presents the characterization of the makeup treated effluent and. 
Jlli^" !J u^^!" the exception of calcluoi and magnesium, the 

circulating water chemistry for this program compares well with the 
resuUs presented In Table 3. By reducing the sidestream flow? the 
ca lcium and toM hardness. «!lc.eptr.at1.on$.Jn.-the -clrculatlng-.water'- - 
increased to Ihe levels of 900 and 1,884 mg/1 as CaCOa. respec 
tively. Under these operating conditions, no decrease in heat trans- 
if^SlI^lS^i ^yf^rrflv ^ physical Inspection at the termination 
of this mode confirmed that no significant scale was present in the 
neai excnanger tubes. 

» Thirty Cycles With High Calcium 

To achieve 30 cycles of concentration with the pilot plant, it was 
''JJ'iSir^*. ■rtnimize blowdown from the system. This was accom- 
pi 1 shed by increasing the volume of supernatant recovered in . the 
thickener and eliminating direct blowdown from the hot side of the 
condenser to the evaporation basin. Characterizations of the make- 
up, treated effluent and circulating water are presented in Table 
I* As «xP«cted, the circulating water under 30 cycles exhibits 
approximately double the concentrations of chlorides, sodium, sul- 
fate and dissolved solids as exhibited at 15 cycles of concentra- 
tion. The calclirt, magnesium, silica and suspended solids concen- 
trations were maintained at levels comparable to 15 cycles. No 
adverse impact on heat transfer efficiency occurred during the two- 
month study at 30 cycles of concentration. Physical inspection of 
the heat exchanger substantiated these findings. 

Discussion of Svstew Optimization 

Because no heat transfer reductiuon occurred under these two modes, 
it appears that It is possible to operate at both higher levels of 
calcium and cycles of concentration than originally estimated during 
the preliminary investigation. Table 7 presents the chemical usage 
and the cost data for the three- operating modes eoploying combined 
treatment. The results indicate that operation at 15 cycles of con- 
centration and high calcium represents a significant savings In the 
usage of lime, soda ash and sulfuric acid when conpared to low cal- 
cim operation. The chemical cost at 15 cycles and high calciua is 
further reduced because the ferric chloride addition was eliminated 
and polymer addition was reduced by half without any significant Im- 
pact on the suspended solids concentration in the treated effluent. 
In comparing high calcium systems at 15 and 30 cycles. It Is appar- 
ent that the chemical usage of lime and soda ash Increased markedly, 
but only increased slightly for sulfuric acid. The lime and soda 
ash dosaoes are higher because the treatment efficiency for calcium 
must be increased by approximately 30* at 30 cycles of concentration 
In order to maintain 900 mg/1 of calciimi. The Increase in sulfuric 
usage is not considered significant. 
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at 30 cvcUs of conccntrdliort c>t- 
AUhough the '''"''^7,'"\V t>ene^^^^ the re«*Ked t>1c*«lo-n 

ceeded the o$«9e «t 15 ^y^'jLj^Vl.JJiu cost. The Mo-down at 30 
-has -a- si9"»H""t- i,' u" that at V and; thusr >«»-cer the 

cyc)e» of """"t^****?,,^,* AJacUy by apprvxtmetely 50 percent. 

Ii;|,TreeVclU;!c?lVo\\V^^^^^^ .» 30 cyc1.». 

OlSOISSIOH Of RES«.TS 

particular Bakeop evaluated, con ven^wn ^ ,t 30 

S'th po1,-er co.jil.tion proved ^» ^'^J'lU^^trttlon and a IDS «f 

««rt^fE=S£iIiflLJt^^!rt^^ that o53ir 

f^tfSCqTw^^rwo^ny^ \^ r «?tratlon of treated effluent nor 

the addition of scale i^.7;*?'5"oH control and. ultimately, cal- 
than hy^^chlorlc «c«d. 

rir^tiVatlnq u i^gr Chemistry 

,n hi^ cycle rec.«ulatin, c-^^^^ ,V?\-^j,;^^rrco"dUi;S 

ts to prevent seal 109 from '""^r"' of concern 

"at reduces heat transfer e'^nVsV^ simate VJ^ calci« iu"«te 

include eaicii« carbOftrte. Mgn«l^ carbonate pre- 

co-plexes. H ^» '«X,.'ro?^*^'Thi\ w« accomplished 
ctpltation via Several investigators* have 

study by using sulfuric mm, cycle recirculated 

proved recowwended "P^";"' n\ c.lclw sulfate precl- 

Sooling water, fraiert statev J,*Va?dnesrdoes not exceed 
pitatiin -ill not occur " V*. 'ViVo^ IXt^^ regard to sulfate 
1.000 »g/l iT'lP^'^m. Male -ill no^ occur " concentra- 
clwicentration and (2) Silica scaie j unUs of (D P«. 

Jn ?he e«.erime«ta1 j«rk of Klen and „ ^^e calcium 

that precipitation of calcium solfaM -111 >«». independent of 

ShS^ the operating data are ««"'>*;*\^Vl ing <rf maoneiiu" 
;S;nUs;'"i*ve^:'n"Ts"'pVs1birth*Jt*\"a?cl«. sur.te scale 
occur In the system. 
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Hagnesiun sillce^e complexes prove to be no problen because 
soda softening effectively removed the $nica. The .ver«« ,niM 
tS2""f,7"** ^ -« 20 "S/l- Without t^atoiir 

the stKca concentrations In the circulating water at 15 md 36 
t^ltl mI'*',!',**? increased to 330 and 660 mg/l. respectively. Due 
to the hl^ caUlu. end magneslin to silica ratios In the makeup wa- 
. .t^r^;^^«taeat_f^ sll-lca. was extre-ely-ef feetlvev -The-witrSimi " 
?^^SJtS»/X f ^ST^r^ t"! therefore the masnestCS 

concentrations In the treated effluent Mere well controlled. 

2hill?!!?ll-"''^»"l'*"?^ " • Oetalled discussion of calclun sulfate 
chemistry, it Is Important to discuss the findings of this pilot 

?I^?«''oy^eJ^'„"{V;M-S 'If^'i* ""twtlon thit Mgh 

SJf;!L 4.S?^5* ^'^•ilf achieved In recirculating cooling 

V*!!^.**^***".' s<9»»<'1eant restriction due to calclin sulfate^Dre! 
e p nation, in low TOS solutions (<2.000 «g/l), the simple sSlSl 

*5T J??./*' • increases, the Ionic strength Impactsw* the 

solubility product of calciua sulfate. Stunt wd Morqan' renort 

tL equlHbrIa occur In 

pleses. while anions undergo acld-base reactions. In addition, the 
cations and anions of the various salts In solutions can foni cbm! 

ti!T«iuinif*^^*'**1'': --""I*"* -11' tend to incrlSi 

the solubility of calcium sulfate In the recirculating water. Both 
KJen and Johnsonl and Skillman, et al.5 report that solubllltv 
cr S!]'iS?ut*l"i'**'T,!.' slgnlflcantly-lmp-cted b?" the Ionic 
Vtti^J?^^*^' ^""'^ strength decreases the Ion activity co- 

centration of active ion species available to form calclin sulfate 
frSi'Jf* "bsci-ently increases the solubll tj. «l2 

•s«Te§*5y*s'?«?,SS'S"oiS:f4'*' wMch'-ls'K- 

I • t/2 iCiZ? 

Where: I « ionic Strength 

"Concentration of Ion 

2i • Char9e of Ion 

T*?/* «?««t1on and the chenlcal characterization data pre- 
t*? at K^^n.V stren9ths of the clrcuUtlng^iL 

aS iUi^ AlU^iy^y^' concentration are calculated to be'o.47 

il! ^'^"'^^•V Skinman. et ajS evaluated calcium sulfate 
tw*^ «f ^Tri" i!^.^"^ l^'^iS sotuTlon? using standard stock solu- 
fomed at 77*^ and tlie results compared to those associated with 
calcium sulfate solubility In sodlun chloride solutions with varylno 

I« «tiV?i".'"** ^V^^ilV^ ^^^^ strengths, the pre<Jicted niaxl- 
Aun calcium concentration without the fomatlon of calclua sulfate 
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Bree*Dlt«te •% 15 and 30 cycles of concentrrtloo would be ».O30 «nd 
ttrw/l « CaWj. respectively. The sctu.! operating condUioos 
2U IS evc{« and 862 nfl/l «t 30 cycles. The c«lc«l«- 

n«,^edUt ?hat>« plt»t«oo Of «lclw sulfVte should not occur 
• .tnve*l«" Jr- conKr.tlon - and -that-there-ls. a-sLlght. wt.enyj] .. 
Jt » Tl^ tact that ca1c1«n sulfate scMoo did "Ot occur «i*r 
Serning conditions at 30 cycles ^l<^^:*}*'>^ l^y'fj}^!^^^ 
tS such 'f«:tors as velocity throug. t»« tubes, -hlch could not te 
slnulated In the pure studies perfonned by Sklllman, et el. 

Overall the results compare -ell -1th the predictions of other In- 
vStloators. The fact that the recirculating "Ollng water cw be 
n^ltJd ?t hiiJrcalclat and sulfate concentrations without the oc- 
cS^ence of slV«1f leant scale *PO»H1on Is enwuragln,. Because 
Mch cscles <J concentration can be Mlntalned using lime/soda soft- 
enlno tte laplSentatlon of recirculating cooling water systws 
«olo;imi «p1nl»al makeup and blowdo-n 1$ an economically and tech- 
"SlfileMlbre. Mdltlonal studies should be "'"**'M'i?i/*."K;h 
tte prKtlcir pirating limits of ealcl« sulfate solubility In both 
full-scale and pilot plant experimentation. 

COnatSIONS (. 

The result of this one-year pilot program demonstrate that •g^^col- 
lut.i^tMtcMater Is a feasible source, for. makeup to a recirculating 
r^iin^ s^teT Usino combined makeup and jldestream lime/soda 
^rftpMno thTWcirculatlng cooling water can be operated at up to 
3?J52lS'of wnSr^tlw wl««ut sV" 'e««tly reducing heat tr««. 
i«-^oSrIt1no at high cycles, significantly reduces makeup requlre- 
r^iirSr 2id sul»l^St biowSown which requires ult^ate dis. 
»«sal with the particular makeup water Investigated, the primary 
constituent of concern was calclui sulfate. Levels of 
2o!i^'mgn ^^^f»te an" S) mg/l of calcium as C.CO3 jjere .. n- 
taimid without significant scale fomatlon. Hopefully, the results 
of ttfls study wll'l enSurage the pwer industry to seriously con- 
ildwr the use of aflrleultural wastewater for cooling. 

REFeREHCeS ^ 

1 FRAZER HOMRROW.. Sidestream Treatment of Recirculated Cooling 
\ilt^: PrJ^. 79th H.tlon.1 Heeting An^-lcan Institute Of 
Chemlcftl Engineers, Houston, Tl (March 19, 19/d|, 

2. CRITS. 6, J, «. GLOVER, G., Cooling Blowaown In Cooling To^, 
Wtcr and Wastes Engineering. (April, 197^}* 

iciFN E F «. JOHNSON, 0* A., Improved Laboratory Method for 
Predicting Calci^ Sulfate Solubility In Uro ^^'^.^^'l Cj!jro2 
T^er Systems,.. Proc. Hatlonal Association of Corrosion 
Engineers. Houston, TX (March, 1976). 
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TABLE 1 
Sidestrean Trestnent 



ConstltuentCU 



Hftkeup 



Sldestrean 
Effluent 



Circulating 
Water 



Chloride as CI 339 

Calclim as CaCOi 330 

Nagneslun as CaCOs 175 

PH, units 8.0 

Silica as SIO2 22 

SodluB as Na 220 

So.lldS'Olssolved 1,681 

Sol 1 ds* Suspended 15 

Sulfate as SQ4 533 

Flow, apa 8-13(2) 

no-, (Vs) (0.50M),82) 
Cycles of Concentrat1on(3} 



5,440 

121 
101 
10.7 
U 

8,6eo 

26,200 
26 
11,130 
9.7 
(0.61) 



5,550 
471 
295 
8.2 
38 
8,710 
26,780 
17 

11,510 
500 
(31.5) 
16.3 



AH values reported in ng/l unless otherwUe specUied'." 
Demand valred with evaporation. 
Based on chlorides* 
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TABIE 2 

Separite Itekeup- and- Si destrcw Tne»JiB?nt 



Mdkeup 



Makeupl2) Sidestream 
Effluent Effluent 



Chloride »« CI • 
Cdlcliw w CeCOj 
nagneslum ts C8CO3 
pH, units 
Silica «» SiOe 
Sodium as Ma 
Solids-Oissolved 
Solids-Sospended 
Sulfate as SO4 

fiSl tvo 14V 

Cycles of Concen-^**' 

U> AH values reporlea JSi^.^g^^^' 
(2I Includes thicltener 
Hi oSand varied with evaporation- 
(4) Based on chlorides. 



3S6 
335 
ISO 
8.0 
23 
230 

53 

lO-ltt3) 
[0.63-0.88) 



775 
171 
163 
9-5 
17 
1.230 
3.400 
34 
1,360 
11-15 ^ 
(0.69-0.95) 



5,450 
137 
148 
10.4 
12 
8.650 
24,280 
29 
11,140 
8 

(0.50) 



Circulatins 
Water 



5,520 
394 
315 
8.2 
31 
8.680 
24,480 
II 

11.530 
500 
(31.5) 
15.5 



TABLE 3 

Ccmbined Hakeup and Sidestream Treatment 




Chloride as CI 
Calcium as CaCOj 
Magneslwo as CaCOa 
pH, units 
Silica as 5102 
SodivB as Ra 
Solids-Oissolved 
Solids-Suspended 
Sulfate as SO4 
Floirf, opm ^ 

Cycles of Ccnccntrationl-** 



365 
329 
189 
8-0 
21 
238 
1.732 
24 

10-13.5(3) 
(0*63-0.85) 



171 
10.4 
18 
3.630 
11,300 
41 
4.540 
19-22 
(1.20-1.39) 



5,890 
319 
393 
8.1 
39 
8.460 
25.930 
12 

10.570 
500 
(31.5) 
16.1 



(«{ Based on chlorides. 
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tin ■ 



Const itucn 



Magnesitf" W CaCOj 
S1UC* ds SiOa 
SoUds-Olsso^vcd 

Sulfate as SO4 



cStis^if 'concentration 
■(H aU values rcporleU Ui ii57 



- Hakeup • 



336 
330 
175 
8.0 
22 
280 
1,646 
34 
S32 

. (0,72) 



Treated 
Hakeup. . . 



1,890 
311 
344 
lO.S 
14 
2.510 
8,160 
58 
3,300 
15,2^ 
(0,96) 



Water 



5,480 
900 
984 
8.2 
41 
7,310 
23,440 
10 
9,350 
500 
(3U5V 
16.3 



TA8LE 6 



combined Treated (30 Cycles 




Chloride asXl 
Calcium as CaCOjr 
Ha9ncsiMm as CaCOj 
pH, units 
Silica as Si02 
SodiMA as Na 
Sol ids-Oissolvcd 
Solids-Suspended 
SgUate as SO4 
Flow, qp* 
Flo*i. 0/$) 



cl?^«oi concentration 



339 
338 
172 
8.0 
19 
286 
1.687 
28 
547 
U.5^ 
(0-73) 



3,970 
12,290 
46 
5,140 
15.7^ 
(0-99) 



10.210 
862 
996 
8.1 
36 

14,610 
46,140 
15 

20,650 
500 
(31.5) 
30,1 



unless olKerwtse 
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PH, units 

^? * 5O4 as C4CO3 
Sulfate as SQ4 ^ 



TABLE 8 

Circulating Water Control Limits 



ftecoRinendetf" 
Criteria 



7-5^.5 
150.20Q 
6.0-104 
2.S-«.0)cl06 
1000,(800) 
No 11«n. 
(6*18x103) 



Reference' 
Source 



2 

2 
2 

(3) 



Operatlnri n.^„ 
B Cities ' 3(j-f 



8.2 
41 

X .0x104 
6.7x106 
900 
9.3x103 



6.1 

36 

0.9x104 
18.5x106 
662 

20.6xl(P 
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abstract: A method and a^^ 

continuous ucatmcntc^^^^^^^ exdiang^ 
„,„,,„ or sewage emuenw uiuie water entering W 

^^iSiltTare provided to »f'»^/ ^i'J'J^^ WhUe the 

Z^J^ni purin««l »;:^Ji'5,VS«e unto. »« l<« 

moves contlnuo-dj tj™^ 
exchange resin B ca««d to ^ Wc«booale sute 

« weak base anion eichange {„ the free 

trough the first ^^^T^T?^-i^'<^t 
KTtorm. passing through the j, , ^eak acid ca- 

^„„itcounte«»n*nt to J^ffluw^^^ ^ ^ 

i^„Vr.^^ei- - r'eS:?r.tcd. The thin, -nit is a 
carbon dioxide degasilier. 
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1 2 

DESALTING AND PURIFYING WATER BY CONTINUOUS It is another object of the present Invention to reduce the 

ION EXCHANGE volume ofwater wasted as compared tokiiown systems. 

The present application is a division of copending applica* It Is yet another object of the present invention to reduce 

tion Ser. No. 744,076 filed July 1 1 . 1.968. the equipment installation costs by providing simplified stnic- 

The present Invention relates to a method and apparatus for 5 ture. 

desalting and purling water by continuous Ion exchange and, These and other objects in the nature and advantages of the 

more particularly, to a desalination process for the treatment instant Invention wQI be more apparent from the following 

of brackish water, sea water, industrial wastes and sewage ef- detailed description of the invention taken in conjunction with 

fluents utilizing continuous countercurrent treatment with the drawing which shows a flow diagram of an embodiment of 

weak base anion exchange resin and a weak acid cation 10 the present invention. 

exchange resin. ^ Briefly, raw water » such as brackish water, is fed continue 



^^ CThe^ ^d^JInatio n of sajTcoa tafay ng'ngip **** bottom of an alkalization unit whkh receives at 

^/ j^.^^ ftceived a great deal or altentlon Dccausc of the overwielm- the top thereofcontinuously and countercurrent to the flow of 

jS^^ ing world need of fresh water. Prior art developments have such water a weak anion exchange resin in the bicarbonate 

^ been carried out in the fields ofdistillation, freezing, the use of 15 fonn R-HCQt. The r^in exchanges raw water anions for 

•AMtMAMMAnKtik mamKrAMM Avtra^tinn nmTMliirM inn ut^^mU^m^*^ Tk^ maSm *Um. «* Wm*4«wm *Um»A^f:» r\ 



II lOl 

car.j^ 
I al* 



semipermeable membranes, extraction procedures, ion bicarbona te. T he rean leaves the unit at the bottom thereof in 
exchange and combinations of these various procedures. t he sqUibrm R^y Ti.e. chloride, sulfate, nitrate, etc. ) equal to i 

In recent years, the use of Ion exchange for the purification the raw water analysts whil e the water, deslyiated first ef- 
of brackish waters in particular has been advanced by the fluent l ea ves the top of the alEaluftOon unit containing bicS ^j 

development and utilization of weak base anion exchange 20 bonate'^puntie s (calcium bSirbon'ate,'''magne8ium bicap| 
resins and weak add cation exchange leslns. Prior to use of 'bbnateTetc). The resin R-X leaving the bottom of the al. 
these resins it was found that Ion exchange of brackish waters kallzallon unit Is transferred to a regeneration column where It 
utillztaig conventional Ion exchange resfais was prohibitively converted to Its free base form with a suitable regenerant, 
expensive due to the large proportion of dissolved solids in such as ammonia, lime, ete. 

brackish water and the limiUng factor in the use of conven- 25 j„ ^ meantime, the water or first effiuent is passed up- 
tlonal Ion exchange resins because the cost of regenerant for wardly from the alkalization unit to the bottom of the deal- 
such resins increased proportionately with the increase in kalizalion unit which is charged at its upper end with a weak 
salinity. The great advantage in the weak add and weak base ^^jj^i ^a^^^ exchange resin in the hydrogen form R'-H. The 
exchange resins lies in the low cost of their rcgeneraUon and ^^i^ flawing continuously downwardly countercurrent to the 
their very high efficiency. v upward flow of the effluent exchanges the caUons therein for 

However, in spite of the advantages which have been pro- hydrogen. The released hydrogeiysactewith^ bicarbonate %^ 
vided in the utilization oTsuch. w^lLh^eagdJa^ acid ion pre sent ther eBy^agjjnj^^ . 
exchange resins in the desaUiStion of^rackislTwatcTs, a any slippage of ioittWough Ae resins). The resiHiaycs the"^ 
number of problems have remained. Thus the cjjdjs. ^^^^ dcalkalizaUon unit in thelniS KSH^d 

jjrsfifidUttS In which these resins have been utoUzed-ffivoTve 35 ^contauHhlcalc^^^ soaium ^tci fiiirii 

complex piping arrangemente which take up exccMivc factory fia^cdlb alcgcricre^^ counter- 
space and Involve high mitial cost, and then- operation utilizes ^urrentiy back to the hydrogen form R'-H with a suitable acid 
excessive chemical consumptton. In addlUon. Oieae cyclic ^enerant sudi as sulfuric acid. The resin Is then again recy. 
pperationsi^onotachlevemaxnnume^^ cledtothelopofthedealkalizationunit 

the economical reinoval of solids from the waters treated. In 40 second effluent comprisjn g pure water and carbon 

«ldition. ttee cydte operations have dio^SScXS^ti^^ 

ties of carbon dioxide for Strthe^ttom of a clutonation unit through which such ef- 

exchange resins to he bicarbonate form; awl have also util- ^^^^^ countercurrent to the weak bJe anion exchange 

Izedan excessive volume of wastc^ water. 4. resinlnitefree baseform R-OH whldiisfedtothetop<rfthe 

Itls,accordingly.anob^^^^^^ 45 ^^^^'^^^ 
come and/or reduce the deficiencies Inherent m the prior art, bicarbonate form R-HCQ, by the carbon dioxide 

"another object'of the present invention to provide a 
new, unobvious and more efficient system of desaUmition ^ «>o«^m of the carbonation unit to the top of the al- 

7 T • • nm^rhnnof^ 50 kallzatfcm unit Bs prcviously dcscnbcd. Any rcquircd makcup 

" ItTirufer St of the present invention to provide for of «rbon dioxide needed to comply cj^bonation of the 
the continuous, countercurrent ion exchange desalimition of weak base wion exchange resm is added du^^ 

the reun flrom the carbonation unit to the alkalization unit. 
T hg vf^^r l^^ftvcft the to|p of the carbonation unit suitablej or ^^^^^ 

«uri«u» vAwiHui « wwua ••■ — — — - wow 5 5 ^g^t uses such as^rihking. Industrial uses, irrigation. etcTif 

Drow"tiw*irfS2nCT ^ salt-coS- "^sired. however, the water may be then passed to a ftirther 

Uilning water, thereby increasing economy. pofishing zone to provide ultia-pure water. 

It Is another object of the present invention to reduce As will be apparent from the flow diagram, it is ad- 
chemical consumption in the removal of ions from salt-con- vantogeous to wash the ion exchange resins prior to feeding 
tainins water 60 thereof to the carbonation unit and the dealkalizatkm unit* 

It is another object of the present invention to reduce the This and other details of operation including relative flow 
makeup of carbon dioxide as the continuous ion exchange rates, etc. wUl be readUy apparent to those having normal skiU 
process completely exhausts the resin, thus aUowing almost ^. ,^ ^, ^ 

complete conversion to the bicarbonate form in the carbona- The preferred ion exchange resins used In the present Inven- 
tion column, tion are manufactured by Rohm and Haas and are sokl under . 

It is another object of the present invention to reduce the the Uade names "Amberiite IRA-68" (the weak base anion 
floorspace required in a desalination system without redudng exchange resin) and **Amberllte lRC-84'* (the weak acid ca- 
the efficiency. exchange resin ). "Amberiite IRA-68'* is a synthetic resin 

It is another object of the present invention to reduce the provided in spherical bead form of 1 6-50 U.S. Standard Mesh 
size of reaction vessels due to the use of high flow velodties 70 having a Weight^f 46 pounds per cubic foot and containing 
utilized in the continuous ion exchange of the present inven- tertiary amine firn<frional groups. **Amberiite IRC-84" b a 

carboxylic cation exchange resin provided as spherical parti- 
It is another object of the present invention to greaUy sim- cles of 1 6->5dXj.S. Standard Mesh and having a weight of 47 
plily the piping arrangement normally required in ion pounds per cubic foot While these two cocnmercialW availa- 
exchange apparatus utilizing weak base anion exchange resins. 75 ble ion exdiange resins are preferred, it will be understood 



ion-containing waters. 

It is another object of the present Invention to use counter- 
current exchange both in treatment and fai regeneration to im< 
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that other resins, having similar propierties, may be used in 
that place. A number of other weak base anion exchange 
resins and weak acid cation exchange resins are presently 
commercially available; one such weak acid cation exchange 
resin is *'ZeroUt 216** which is a condensation production con- 
talning both phenolic and carboxylic groups. Another weak 
acid cation exchange resin is " Amberlitc IRC-50." 

While the present invention has been described with respect 
to a three-column system, it will be understood that the 
present invention may be utilized preferably with six columns, 
and may be utUi^ed with as few as only two columns together 
with a carbon dioxide degasifier. 

The present invention and its advantages will be better un- 
derstood by reference to the following operative examples, 
which It b understood are not llmitaUve but are merely exem- 
plary: 

EXAMPLE 1 



exchange capacity of the resins is high, thereby necessitating 
only a low resin investment; there is a minimum water loss for 
the regeneration operations; and there is a minhnal waste 
disposal problem because the continuous regeneration results 
in a continuous neutralization of excess regenerant 

EXAMPLE 2 

In this procedure only two adsorption columns are used, 
namely the alkalization unit and the dealkalization unit, 
together with a CO, degasifier shown in phantom In the 
FIGURE. In this system, carbon dioxide, either fresh or that 
recovered from the degasifier, is added directly to the raw 
water, as shown by the dash line in the FIGURE, before it is 
15 fed to the alkalization unit. The exhausted weak base anion 
exchange, resin leaving the bottom of the- alkalization unit is 
regenerated with ammonia and b returned directly to. the top 
of the alkalization unit as shown by the dash line in the 



10 



FIGURE. The dealkalization tmit b operated as described 
A three absorption column system such as shown in the 20 above. The basic difference is that the first unit combines the 



FIGURE b utilized. The weak base anion exchange resin used 
b *'Amberlite IRA-68.** The raw water fed to the alkalization 
unit (the first column) b.brackish water containing sodium, 
calcium and magnesium anions and chloride, sulfate and car- 
bmiate cations. 

The following reactions.typify tiie reactions occurring in the 
alkalization unit: 

R^HCQsNaCli?eR-Cl+NaHCQ, 
R*HC0^aS0«::^Jl-S04HCaHCQ,» 
wheiein R signifies tiie.weak base anton exchange resin. 

The. effluent passbig frdm the alkalization unit to the deal- 
kalization uiiit: contains sodium bicarbonate, calcium bicar- 
bonate and magnesium bicarbonate. Thb effluent is fed to the 
bottom of the dealkalization unit while, countercurrent 
therewitii, ** Amberiite IRC-84'* in hydrogen.form b fed to tiie 
top of the dealkalization unit. The typical reactions occurring 
In.the dealkalization unit are as follows: 

R^-H+NaHCQ,^R'-Na+CO,H 
R'-H+CaHCO, ^R'-Ca-KX>,H, 
wherein R' signifies the weak acid cation exchange resin. 

The effluent passing from the dealkalization unit to the bot- 
tom of the carbonatton unit contains CChH, The **AmberHte 
. lRA-68**b fed to the top of the carbonation unit in its free 
base form and the reaction occurring b: 

r^h-k:o,h-^r-cq,h 

The weak base anion exchange resin fed to the top of the air 
kalization unit from the bottom of the carbonation unit b slgr 
nified by tiie formula R-HCO9. After treatment in the alkaliza- 
tion unit, the unregenerated resin b signified by the formula 50 



25 



30 



35 



40 
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functions of the alkalization unit and the carbonation unit so 
that both reactions occur m thb unit 

The foregoing description of the specific embodiments will 
so fully reveal the general nature- of the invention that others 
can, by applying current knowledge, readily modify such . 
specific embodiments and/or adapt them for various applica- 
tk>ns without departing from- the generic concept and, there- 
fore, such adaptetions and modifications shoukl and are in- 
tended to be comprehended within the meaning.and range of 
equivalents of the foUowbig claims. 
What is claimed is: 

1. A Metiiod of desalting water comprising 

1 . Continuously adding carbon dioxide to raw water; 

2. continuously passing said raw water containing carbon 
dioxide countercurrent to a weak base anion exchange 
resin represented by the formula R-OH, wherein R b the : 
resin, to yield a first effluent containing alkali metal and 
alkaline earth meta l bicarbonat e; 

3. continuously passing said first effluent countercurrent to 
a weak acid cation exchange resin represented by the for- 
mula R -H, wherein R' b the resin, to yield^a second ef- 
fju^pt enntflinlng cafhon dloxide^^ 

^Tcontinuously passing the contaminated weak anion 
exchange resin from step two, now represented by the 
formula R-X wherein X is an anionic impurity, to a 
regeneration zone, introducing basic regenerant to said 
zone and thereby continuously regenerating said resin to 
the R-;OH form and returning said resin to step two; 
5. continuously passing said second effluent from step thrift— 



R-X, e.g. R-CI or R-^O^. After regeneration with a suitable Xp^v^oxhon dioxide degasifier, thereby obtei^i^pure ] 

*um hydroxide, or calcium hydroxide, ^:^^^^aSf and also recovering carbon dioxide; 
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regenerant such as sodium 

but preferably ammonia, the weak base anion exchange resin 
as it b fed to the top of the carbonation. unit h&s tiie empirical 
' formula . R-OH. In the above fonnula, R signifies the weak 
base anion exchange resin and X signifies the exchangeable 
anionic material including chloride, sulfate and nitrate. 

The weak add cation exchange resin b fed to the top of the 
dealkalization unit in its free acid form and b designated by ^ 
the formula R'H. Thb resin leaves the bottom of the deal- 
kalization unit in accordance with the formula R'Me and, 
after regeneration with a suitable reagent such as sulftiric acM, 
hydrochloric acid, nitric.acid or sulfurous acid, b reconverted 
to the free acid form as signified by the formula R'H. In the 
above formuU R' signifies the weak ackl cation exchange 
resin and Me- signifies the metal cation, such as sodium and 
calcium. 

In the present example, the flow of effluent, various re- 
agents and ion exchange resins are as shown in the FIGURE. 

The desalination of brackbh water according to the exam- 
ple b economical because of the following factors. The resin 
regeneration Is close to the theoretical (stoichiometric) effi- 
ciency with low chemical cost and negligible waste problems 
because very littie excess regenerant b necessary; the ion 



^!^-6rconUnuous]y passing the contaminated weak .acid cation 
exchange resin from step three to a regeneration zone, in- 
troducing acidic regenerant to said zone and thereby con- . 
tinuously regenerating: said cation exchange resin^ and 
recycling said cation exchange ^esin to step three; and 
7. recycling carbon dioxide recovered in step five to step 
oncf. 

2. Apparatus for carrying out the desalting of water coih- 
prbing. 

means to feed carbon dbxide continuously to raw water; 
a combined :alkalization and carbonation unit for removing, 
anions fi'om raw water, means to continuously feed said 
raw water and carbon dioxide to said alkalization and car- 
bonation unit, means , to continuously feed weak base 
ank>n exchange resin in hydroxyl form to said alkalization 
and carbonation unit countercurrent to the water flow, 
meaiis to continuously discharge contaminated . anion 
exchange, resin from said alkalization and carbonation 
unit, and means to continuously discharge a first effluent 
from said alkalization and carbonation unit; 
a dealkalization unit for receiving said first effluent from 
said alkalization and carbonation unit and for. removing 
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cations from said flist effluent to provide a second ef- 
fluent, means to continuously feed weak acid cation 
exchange resin in hydrogen form through said dealkaliza- 
tion unit counUrcurrent to the effluent flow, means to 
continuously regenerate contaminated weak acid cation S 
exchange resin to provide saM resin in hydrogen form, . 
means to continuously pan contaminated weak acid ion 
exchange resin to said cation fegencrating means, means 
to pass said regenerated weak acid cation exchange resin 
in hydrogen form from said regenerating means back to 10 
said dealkalization unit, and means to continuously 
discharge said second efnitent from sakl dealkalization 
unit; 

a degasifier for receiving said second effluent from said 
dealkalization unit and removing the carbon dioxide from 1 5 
said second effluent; 

an anion exchange resin regenerating means, means to 
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supply regencrantto said anion resin regenerating means, 
meant to pass contaminated anion exchange resin from 
saU alkalization and carbonation unit to said anion resin 
regenerating means, and means for passing regenerated 
anton exchange resin in hydroxy! form to said alkalization 
and carbonation unit; and 
means to recycle carbon dioxide from said degasifier to saki 
carbon dioxide feeding means. 

3. A process in accordance with cUim 1 wherein said basic 
regenerant in step (4) comprises NH^H. 

4. A process in accordance with claim 1 wherein said acidic 
regenerant used instep (6) comprises H1SO4. * 

5. A process in accordance with claim 1 wherein said resins 
flow downwardly and said raw water and first effluent flow up- 
wardly in said countercurrent steps (2) and (3). 
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